Interplay between kinetic roughening and phase ordering is studied in a growth SOS model with two kinds of particles and Ising-like interaction by Monte Carlo simulations. We found that, for a su ciently large coupling, growth is strongly a ected by interaction between species. Surface roughness increases rapidly with coupling. Scaling exponents for kinetic roughening are enhanced with respect to homogeneous situation. Phase ordering which leads to the lamellar structure persisting for a long time is observed. Surface pro les in strong coupling regime have a saw-tooth form, with the correlation between the positions of local minima and the domain boundaries.
Introduction
Growth by vapour deposition is a technologically important process for producing high quality materials. During last years much progress has been made in understanding of growth mechanisms on the microscopic level 1]. However, these results refer mainly to single-component homogeneous growth and growth of binary materials is much less understood. Essential feature in binary systems is phase ordering 2]. Recently there was interest in interplay between phase ordering during growth and kinetic roughening 3, 4, 5] . Kinetic roughening is one of the important aspects of crystal growth. Due to stochastic uctuations during a deposition process the growing surface becomes rough and roughness typically increases with time as a power with a characteristic exponent . This is important from the practical point of view, besides kinetic roughening also attracted a lot of interest in the context of non-equilibrium statistical mechanics 6].
In this paper we discuss the interplay between compositional ordering and kinetic roughening in a simple model for growth of binary alloys which we recently formulated 5].
Model
Our model is based on the single-step solid-on-solid geometry. We con ne ourselves here to one-dimensional substrate with the coordinate i. The surface is described by a single-valued function h i (t) with the additional constraint jh i ? h j j = 1 for neighbouring sites i and j. A new particle can be added only at a growth site corresponding to a local minimum in the surface height pro le. We consider two types of particles, which we distinguish by a variable taking the value +1 or ?1. Growth rules are controlled by a change of energy of alloy after deposition of a new particle. The energy is given by the Ising-like interaction. The probability of deposition of a new particle of type to a growth site i is proportional to exp(? E(i; )=k B T ); k B is Boltzmann's constant and T is temperature 
Results
We performed extensive simulations for various values of K. Evolution of the surface pro le is a ected by composition of the surface, in particular it de-pends on composition of the initial at substrate. We considered three di erent types: i) a neutral substrate, i.e. without any interaction with deposited particles, ii) an alternating substrate, with alternating types of particles and iii) a homogeneous substrate composed of one type of particles.
Evolution on the neutral and the alternating substrate is almost the same. In Fig. 1 we can see that the e ective exponent ( e = 0:45) is at rst larger than the exponent for homogeneous growth, = 1=3, which corresponds to the so-called Kardar-Parisi-Zhang (KPZ) class 7] . However, after a certain time t cross 10 3 the e ective exponent crosses over to the value close to 1=3 ( e = 0:32). This behaviour can be explained by evolution of compositional ordering. In the inset of Fig. 1 we present time dependence of the average domain size for three substrate types considered. We can see that for all of them the domain size saturates at time close to t cross . Hence, ordering of the surface leads to enhanced increase of the roughness, but when ordering stops the surface roughness increases further with the same exponent as in onecomponent single-step growth model.
In the case of the homogeneous substrate the behaviour of the surface width changes dramatically (cf. Fig. 1 ). The general features are the following. At rst the width starts to grow with the exponent close to 1=3 (this regime is extended over several decades of deposition time for very strong coupling). It is caused by the fact that practically no domains with minority type of particles are formed because probability to nucleate these domains is rather small; growth is the same as in the pure single-step model. Then the slope crosses over to a very large value ( e = 1:15). This unexpected e ect is related to growth of trapezoidal features with the length given by positions of the minority type domains, which start to appear but often again quickly disappear. The rapid increase of roughness ceases when relatively stable minority type domains are nucleated. The further increase of roughness is very slow up to the time when the average domain size saturates and growth continues with the KPZ exponent = 1=3. We illustrate the di erence in evolution on the neutral and on the homogeneous substrate in Fig. 2 . We can see that for the homogeneous substrate dark domains appear very slowly.
Let us now turn to the dependence on the coupling K in the case of the neutral substrate. For small K, there is no ordering in the growth direction. Small domains appear and shrink again, but for a larger K the clear lamellar structure exists. We illustrate this in Fig. 3 which shows evolution of con gurations on a substrate with periodic domains imitating the lateral superlattice. We can see that for K = 2 lamellae persist for long time. Notice the correlations between the positions of local minima of surface pro le and domain boundaries. We observed that this is a typical case for stronger coupling independently on the type of the substrate. We have found that the roughness increases Fig. 3 . Examples of evolution of surface pro les on the substrate with alternating domains of di erent particle types for several coupling strengths K. Meaning of colours and other conditions are the same as in Fig. 2. rapidly with the coupling. The e ective exponent e for initial growth increases with K and it seems to approach the value 1=2; for K = 2 we have found = 0:52 0:02. The crossover time for change of e to the KPZ exponent is also increasing rapidly with K (t cross / e K with 3:5).
Conclusion
We demonstrated that phase ordering leads to faster kinetic roughening than in the homogeneous case. However, after some time this behaviour crosses over to the ordinary behaviour for homogeneous growth. But the crossover time increases rapidly with interaction between particles, so practically only the regime with enhanced roughness can be seen for stronger coupling. We also illustrated the strong sensitivity of evolution on the initial composition of the substrate.
